Abstract : Optical emission and amplification by a travelling electron beam adjacent to a high refractive index waveguide in vacuum was theoretically predicted and experimentally confirmed. Experimentally observed characteristics were compared with theoretical examinations.
Introduction
Lasers are principal devices in opto-electronics and contributed for development of advanced technologies. However, we have to find out new lasing material if we require an operation in new optical frequency. Furthermore, conventional lasers have symmetric property between amplifications of the forward and backward propagating lights. This symmetric property restricts to realize a logical circuit and to construct a multifunctional optical system. We had theoretically proposed a scheme for the optical amplification by using a traveling electron beam and a high refractive index waveguide in a vacuum to resolve above mentioned subjects, 1,2 and experimentally observed optical amplification for an incident light. 3 In this paper, we show the optical emission and amplification based on almost same scheme as previous experiment but has no incident light.
Configuration of the experiment and mechanism of the optical emission and amplification
An electron gun and a slab type optical waveguide are installed in a vacuum chamber as illustrated in Even there is no measurable optical field, the electron can transit by help of the zero-point field energy. We named this type of optical emission as the guided spontaneous emission, because the optical emission is possible only into the TM modes holding the condition of opt e v v = .
Experimental observation
The electron gun used in our experiment has a variation range of the acceleration voltage from 30 to 50KV, and the maximum emission current is 50μm. The waveguide was prepared with the co-called SOI substrate consists of SiSiO2-Si layers, where the top Si layer was used as the core layer and the SiO2 layer was used as a cladding layer. The thickness of the top Si layer was 0.32μm whose value was chosen to give suitable guiding characteristics in the wavelength range from 1.2 to 1.6μm. with the electron density N of the electron beam. The spectrum width was narrowed by increasing the emission current. This property is evidence that both the guided spontaneous emission and the stimulated emission are generated with increase of the electron current.
Conclusions
We observed an optical emission and amplification basing on a new scheme by utilizing the traveling electron beam with a high refractive index waveguide in a vacuum. Experimentally obtained data well support our theoretical predictions. The coherent length of an electron wave in the vacuum was estimated to coincide with the separating distance of electrons. Our scheme of the optical amplification must be applicable in extremely wide frequency range of the electro-magnetic wave such as from the microwave region to the X-ray region in principle. 
